Specialization has sometimes been believed to be material specific with verbal material being dealt with by the left hemisphere and visuospatial material being dealt with by the right (Milner, 1971 ; Warrington and JamP.s, 1967; New-·combe, 1969; McFie, 1969) .
Some neuropsycholog~st~ began pointing out that differences between right and left hemispheric f.unct ions may be in how each side is organized rather than due to material specificity (DeRenzi and Faglioni, 1967; Hecaen and Angelergues, 1963) . Differences between the two hemispheres were thought not to be only a matter of degree, but also a matter of different mechanisms underlying the performance (DeRenzi, Faglioni, and Spinnler, 1968) . The left side's verbal superiority is thought not to be due to a verbal program or greater ability to ~andle auditory stimuli and the right side's major contributions to drawing and construction are not attributable to a specific ability to process visuospa-ti~l data. Instead each hemisphere processes all the information that reaches the cortex, but each in its own way (Berlucchi, 1974; Broadbent, 1974; Larsen, Skinh~j, and Lassen, 1978) .
The right side of the brain may be more broadly organized than the left at the cellular level. The left processes discrete data bits that characterize verbal stimuli perceived in visual, auditory, and sometimes tactile string5.
Left hemisphere processing may be thought of as a digital computer which proceeds on a linear, bit-by-bit. basis. The right hemisphere works more like an analog computer, processing in terms of patterns or configurations. Most verbal functions are mediated by the left side because they can be processed in a straight line, item-by-item. Pictures, music, story plots, and bluepriAts are more configurational and can better be handled by thP ri~ht hemisphere (lezak, 1982) .
The literature is full of contradictions and ambiguities. Investigators have noted this and wondered if both hemispheres do process all information or at least contribute to the processing of all information. While some find it appealing to believe that verbal memory is a left hemisphere function and configural memory is a function of the right hemisphere, evidence fails to support a strict separation of functions.
Samuels and her colleagues reportedly found that subjects with both right and left temporal lobectomies showed severe deficits in auditory memory for verbal material but normal performance on visuoverbal and configural tasks (Hecaen and Albert, 1967) . Dee (1971) found that right hemisphere damaged patients were not significantly more impaired in visuo-constructive performance than were left hemisphere damaged patients. One study shows that left hemisphere/aphasic patients' ability to retain verbal information is impaired whether that information is presented visually or auditorily while patients with right hemisphere damage show verbal memory impairments when the material js presented visually, but not auditorily (Schwartz, Shipkin, and Cermak, 1979) .
There are a number of observations that indicate that the two hemispheres work together, handling tasks and stimuli (Larsen, et. al., 1978 (1978) concluded that recall of a past exper1ence relies at least in part on the participation of both hemispheres during initial coding. A study of blood flow in the right and left hemispheres indicates that the performance of spoken speech involves activation of both hemispheres (Larsen, et al,., 1978) .
The exact mechanisms that produce integration between the two hemispheres are not known. Probably no ~ingJe mechanism is responsible. Each hemisphere seems to have some inhlbiting effect on the other and they al~o work synergistically in processing the same data by the two different pror.essing systems (Lezak, 1982) . We do know that considerable communication does occur between the two hemispheres.
The corpus callosum and two smaller transverse fiber bundles provide direct communication. Myers and Sperry reportedly showed the role of the corpus callosum in the transfer of visual learning from one hemisphere to the other in normal subjects (Broda!, 1981; Bogen and Bogen, 1969) . Indirect communication takes place by means of pathways through· the lower brain centers (Jeeves, 1965 (Paivio, 1971) although imaginal processing seems to be a more symmetrical activity than verbal pro~essing which js more lateralized to the left hemisphere (Binder, 1978) .
STATEMENT OF THE PROBLEM
This study is to determine whether normal information processing engages both hemispheres of the brain regardless of sensory ch~nnel (i.e., verbal or pictorial). If this is true, then differences in performance will be observed between brain damaged and normal control subjects.
The other target of this study is to establish whether an opportunity for dual encoding (verbal and visual) would be advantageous for patients with unilateral brain d;image.
The concept of dual coding: a hypothesis provided by Pajvio (1971) , states that stimuJi encoded both verbally and visually wiJl be remembered better than material encoded only verbally. While previous research has supp9rted the hypothesis for neurologically intact people, it is not clear that braindamaged people also benefit from stimuli designed to enhance dual rather than single coding. Patients with right brain damage and visuoperceptual information processing deficits might not obtain the same benefit from an opportunity for visual encoding as would patients without such deficits.
A memory test using verbally encodable visual stimuli would provide an opportunity for dual coding and make dual coding more likely than presenting material through the auditory modality.
I hypothesized that visual presentation of easily named objects would result in better recall than auditory presentationft I also hypothesized that only normal subjects and left br~in d~maged patients would perform better on visual than on auditory recall, with right brain damaged subjects not differing across modalities.
I prP-dicted that the performance of control subjects would be generally superior to both stroke groups, as the controls process all information with an intact brain while the stroke patients are working ~ith a compromised hemisphere.
The left hemisphere damaged grpup was expected to do less well than either the controls or the right hemisphere damaged group on the verbal presentation ~nd the right hemisphere damaged group was expected to do less well than the controls on the verbal presentation. Finally, thP. left hemisphere damaged group was expected to benefit more from the visual presentation than the right hemisphere damaged group. (Ruch and Ruch, 1963) was also similar among groups, with group means ranging from 20.00 to 20.67 (out of a possible score of 30). Table I presents the means and standard deviations of the relevant demographic and selection variables. One way analyses of variance were conducted across the three groups and showed that there were no signifir.ant differences for age, education, or vocabulary ability.
Before any person was made a test subject, he or she had to succeed on the following two tasks (Appendix B):
l) Repeating after the investigator the names of ten simple objects;
2) Identifying verbally ten simple objects printed on cards.
Success on these two tasks ensured that a subject was not verbally or visuospatially impaired to the extent that the test procedure itself was confounded. No prospective subject was rejected on this basis.
MATERIALS The Employee Aptitude Survey Verbal Comprehension
Test (Ruch and Ruch, 1963 ) is a paper-and-pencil multiplechoice vocabulary test consisting of 30 items. A word is listed followed by four other words. The subject is asked to read the first word and select the one of the four others which means the closest to the first word and make a mark by th~t word.
The following two forms of Rey's Verbal Learning Test (Rey, 1959) Now please try to remember as many of the first word list I read to you and repeat those words to me.
Identical instructions to these are used for the VVLT, except using "set of pictures" instead of "list of words".
The subject did not begin verbalizing aloud until all the pictures had been shown.
When a subject asked if he or she had recalled all the words they were told; when a subject had recalled all 15 words or pictures he or she was told the task was com-plP-ted.
PROCEDURE
All subjects were first given the tasks of repeating words and names of pictures (Appendix B) at the time of history taking, which occurred at least one week prior to the actual test procedure. The subjects were first given the Employee Aptitude Survey Verbal Comprehension Test (EAS) (Ruch and Ruch, 1963) at the time of the actual test procedure. This vocabulary test was not timed but all subjects finished within ten minutes.
All subjects were then given the two forms of Rey's Verbal Learning Test (Appendix A), the AVLT and the VVLT.
The order of presentation of the AVLT and VVLT was counterbalanced so that approximately equal numbers of subjects within e~ch group received the AVLT or the VVLT first.
The tests were administered individually to each subject in a quiet place in the subject's home, or in a private room on the patient's ward in the hospital. Each subject was reassured he or she could stop the procedure at any time and could drop out of the study with no threat to VA benefits 0r medical care. The test pro~edure lasted a total of 45 minutes.
Scores reflect the total number of correctly recalled words or pictures in any order on each trial, disregarding any extra words inserted by the subject.
RESULTS
Four of the seven trials were examined: Trial I, an indication of immediate recall; Trial V, which shows a learning curve; Trial B, which is recall in circumstances of proactive inhibition; and the last trial which measures delayed recall (Lezak, 1976) . Means and standard deviations of the AVLT and VVLT for the three groups on these four trials are
shown in Figure II .
The data were subjected to a 3-factor mixed design analysis of varian~e (3-way, repeated on 2) with repeated measures on trials and modality, and group as ~ between-subjects factor. The three main effects, groups x mode, groups 
DISCUSSION
This study compared right hemisphere damaged stroke patients (RBD), left hemisphere damaged stroke patients (LBD), and neurologically intact medical and surgical control subjects on two forms of Rey's Verbal Learning Test (Rey, 1959) . It w~s designed to compare. memory for auditorily presehted nouns and pictorially presented nouns and also to see whether an opportunity for dual encoding (verbal and visual) was advantageous for patients with unilateral brain damage.
Although groups w~re equated for age, education, race, and vocabulary ability, and, between the stroke groups, chronicity, significant differences in memory ability were found.
The primary question I was exploring was whether normal information processing does engage both hemispheres of th~ brain regardless of sensory channel. On both the auditory and the visual presentations of material in this study, the control group did significantly better than either stroke group. This indicates that, indeed, both sides of the brain may be required for optimal information processing. The controls were using two intact hemispheres while the stroke groups each were functioning with one impaired hemisphere.
I predicted that the control and the LBD groups would perform significantly better using the visu~l rather than the verbal mode of presentation because the pictures would allow these groups to encode the material two ways. The RBD groups was not expected to benefit as much with the vis• ual presentation. This prediction was borne out by th~ data and I conclude that RBD subjects are impaired in their ability to use visual encoding to enhance their verbal memory.
The LBD group was expected to do significantly more poorly than either the RBD or the control groups on the auditory presentation. Although the LBD and RBD groups did less well than the controls, there was no significant difference between the LBD and RBD groups. The RBD group did not perform as well on the AVLT as I anticipated. This is puzzling and a repeat study of RBD subjects' performance on the AVLT along with other memory tests would be helpful in explaining this.
I hypothesized that the LBD group would do better than the RBD group but still less well than the controls on the visual stimuli. SlmiJarly, I expected that the LBD group would improve more than the RBD group would. The data support these hypotheses. Visu~l stimuli allowed the LBD group to use intact visuoperceptual processing and thereby to enhance their verbal memory.
The control subjects in this study did better than either stroke group on both auditorily and visually presented material. Benton and his associates have shown that LBD patients with aphasia p~rform at a defective level on a facial recognition task (Benton, et al., 1975) , as do RBD patients in general. In Milner's study (1978) where subjects recalled the names of 25 simple object pictures, the normal subjects recalled almost as many pictures after a 24-hour int~rim period as on the immediate recall trial while both right and left temporal ~obectomy groups rPcalled half or fewer the number of words that the normals did.
This finding, that brain damaged patients' performances are poorer than normal subjects', supports the theory that both hemispheres normally ~rocess all stimuli, whether purely verbal, or both verbal and visu~l. Paivio (1971) applies this theory to normal adults, and his research supports that when material is presented in a dually encodable mo de , memo r y i s i mp r o v e d • T hi s st u d y, who s e d at a s how t hat normal subjects do better with the visual pre~entation, also support P~ivio's findings.
This study and the previous study co~ducted by Lezak, (1982) , also using the AVLT and VVLT, both found that LBD patients improved mor~ with the presentation of pictures than did RBD patients. These studies support the notion that when LBD patjents are given the opportunity to use visuoperceptual processing they will do so and their verbal memory will be subsequently enhanced.
CLINICAL IMPLICATIONS
Since memory problems are common complaints among (Rey, 1959 ; taken in part from Lezak, 1976) .
APPENDIX B
Development of the Pre-Test Word and Picture Lists
Using the first 2000 words in a list of the most frequently used English words (Carroll, et al., 1971) , nouns were picked out and those already appearing in the AVLT and the VVLT were discarded. From the remaining more frequently used nouns, 50 were chosen, 25 of which could be pictorially represented on cards. The·25 not printed on cards were read to neurologically intact staff and patients at the Portland VA Medical Center and those people repeated the words back.
Any words that any person repeated back incorrectly or had difficulty in pronouncing were discarded. The 25 nouns which were pictorially represented on cards were shown to another sample of 100 staff and patients and only those cards which were named the same name by all 100 people were kept. 10 of each of the words and pictures which 100 people were able to pronounce correctly or identify correctly were chosen for the pre-test. These two lists were given to prospective subjects at least one week before the actual test procedure, and only those succeeding 100% on both tasks were used as test subjects. Pre-test Pictures   city  whistle  family  football  letter  crutches  voice  piano  winter  feather  floor  saddle  center  lion  plant  pineapple  music  fork  teacher airplane
Pre-test Words

